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Abstract: Endodontic microsurgery is a highly predictable treatment option in most cases when
conventional endodontic treatment is not feasible. Nevertheless, mandibular molars are still con-
sidered by clinicians to be the most difficult type of teeth, with the lowest success rate. In recent
years, endodontic microsurgery has been attempted more frequently with the emergence of modern
cutting-edge technologies such as dental operating microscopes, various microsurgical instruments,
and biocompatible materials, and the success rate is increasing. This review describes the current
state of the art in endodontic microsurgical techniques and concepts for mandibular molars. Notably,
this review highlights contemporary equipment, technology, and materials.
Keywords: endodontic; microsurgery; mandibular; molar; update
1. Introduction
Endodontic treatment aims to disinfect the root canal system, followed by sealing
this space to prevent recontamination [1]. For this purpose, nonsurgical endodontic treat-
ment is the first option in most cases, but a surgical approach may be indicated when
peri-radicular pathosis cannot be solved by a nonsurgical method [2]. Surgical endodontic
treatment has evolved considerably owing to new technological advances such as den-
tal operating microscopes, cone-beam computed tomography (CBCT), computer-aided
design/computer-aided manufacturing (CAD/CAM), and three-dimensional printing
technology. Most endodontists now consider the above equipment essential for surgical
endodontic treatment.
Nevertheless, clinicians still consider mandibular molars to be the most difficult
targets. The success rate for mandibular molars is lower than that for any other type of
teeth in the oral cavity [3]. The difficulty posed by mandibular molars is their anatomical
location in the posterior areas of the oral cavity. Even in a retrospective study that used a
15-year database obtained in the 21st century, molars showed a higher probability of failure
than anterior teeth, and tooth type might be the only factor contributing to the outcomes
of microsurgery [4]. Therefore, microsurgery of mandibular molars requires an adequate
evaluation of the surgical access and the relationship of the roots to anatomical structures
such as the mental foramen and mandibular canal [5].
However, within the limitation of our knowledge, there has been no focused review
regarding endodontic microsurgery of mandibular molars in the past 10 years, although
considerable technical advances have occurred. Therefore, the purpose of this review was
to present an update on endodontic microsurgical techniques and concepts for mandibular
molars.
Medicina 2021, 57, 270. https://doi.org/10.3390/medicina57030270 https://www.mdpi.com/journal/medicina
Medicina 2021, 57, 270 2 of 15
2. Anatomical Considerations
2.1. Thickness of the Buccal Bone
The buccal bone of the mandibular molar area is thicker than in other areas. The
thickness of the posterior buccal cortical plate is generally 2–3 mm on average (Figure 1a).
Furthermore, this thickness may increase posteriorly (oblique ridge), limiting access to the
molar roots (Figure 1b). While the mesial root of the mandibular first molar is reasonably
close to the buccal cortical plate, the distal root is centrally located in the bone and the
roots of the second molar are significantly closer to the lingual cortical plate [6]. Therefore,
mandibular molars with a thick buccal bone plate pose a challenging problem in endodontic
surgery, especially for precise root-end localization.
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(distal root). Therefore, the surgical procedure became easier and the results were success-
ful. Furthermore, Ahn et al. [8] performed osteotomy and apex localization effectively us-
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plate (Figure 2). Indeed, the surgical template manufactured by using CAD/CAM tech-
nology combined with CBCT can determine the three-dimensional extent of the required 
cortical bony window. Therefore, with this guide, the surgical approach to the apical re-
gion is less invasive and less traumatic so that minimizes bone loss in comparison to the 
traditional osteotomy techniques [9]. However, even with this static technique, clinicians 
may have problems regarding the instrumentation during the surgical procedure. In this 
respect, most recently, dynamic navigation systems for dental implant positioning were 
applied to endodontic microsurgery [10]. This dynamic navigation integrates surgical pro-
cedure and radiologic images by using an optical positioning device controlled by a ded-
icated computerized interface. Consequently, with the help of cutting-edge guiding tech-
nologies, clinicians can perform a safe and less traumatic surgical procedure in the man-
dibular molar area, and unfavorable complications including increased postoperative 
pain, delayed healing, and nerve damage can be avoided. 
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difficulty that may be encountered during periapical surgery of the mandibular posterior 
teeth [11]. If the vestibular fornix is shallow, the buccal alveolar bone overlying the roots 
will be thick and consequently access to the root end will be limited. In some cases, there-
fore, the buccal cortical plate can be reduced before exploring for the periapical lesion or 
root end (Figure 3). In this procedure, the surgical concept of vestibuloplasty can be ap-
plied. However, clinicians should bear in mind that this procedure may destroy a consid-
erable amount of bone. Instead of endodontic surgery, extraction and replantation/dental 
implantation can be a less traumatic alternative, especially for mandibular second molars. 
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molars (Figure 4a). According to a systematic review, the shortest distances from the su-
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2.3. Mandibular Canal
The mandibular canal is sometimes in the proximity of the ro ts of all mandibular
molars (Figure 4a). i to a systematic review, the shortest distances from the
superior cortical bone of the i first and second molars were 3.82 mm
and 1.4 mm, respecti el . e a direct contact relationship was found in 3.3% of
the first mol r and 16% of the second molar [13]. Furthermore, the distance from the r ot
to the canal was shorter in younger people (<21-year-old) than in older people [13,14].
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Anatomically, the mandibular canal is situated lingually to the roots of the mandibular first
molars (Figure 4b).
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2.4. Mental Nerve 
The mental nerve, a branch of the inferior alveolar nerve, emerges with the mental 
artery through the mental foramen to supply the oral mucosa and the skin of the lower 
lip and chin (Figure 6). It can be damaged during flap retraction, and paresthesia may 
occur. The mental foramen usually appears on a radiograph as a round radiolucent area 
Figure 4. Anatomical features of the mandibular canal and mental foramen. (a) Schematic illustration
of human mandible showing the innervation of mandibular and mental nerves. (b) Transverse section
of a cone-beam compute tomography (CBCT) scan through the mandible in the region of the root of the
first molar. The mandibular canal (white triangle) is closely located lingual to the root apex.
The borders of the mandibular canal are often difficult to visualize with conventional
radiographic techniques (Figure 5a). A parallel periapical radiograph, either horizontally
or vertically positioned, can usually provide a reasonably accurate image of the relationship
between the superior border of the mandibular canal and the root apices. CBCT imaging
can be very useful for identifying the location of the mandibular canal and determining
its relationship to the root apices (Figure 5b) [15]. Martí et al. [16] reported that periapical
surgery is a valid treatment option for mandibular molars, even those situated in close
proximity to the mandibular canal (less than 2 mm).
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2.4. Mental Nerve
Th mental nerve, a branch of the inferior alveolar nerve, emerg s with the mental
artery through the mental foramen to supply the oral mucosa and skin of the lower lip
and chin (Figure 6). It can be damaged during flap retraction, and paresthesia may occur.
The mental foramen usually appea s on a radiogr ph as a round radiolucent area below
the mandibular second premolar root apex. However, its location varies and it may be seen
at the same level or superior to the root apices [11].
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2.5. Distolingual Root 
Mandibular first permanent molars usually have two roots located mesially and dis-
tally, but in Asian populations, an additional distolingual root is considered a normal 
morphological variant [25,26]. In two studies conducted in Korea, the prevalence of inde-
pendent distolingual roots was 24.5% and 22.8%, respectively [27,28]. These separate dis-
Figure 6. Clinical features of the mental foramen and nerve bundle (white triangle) that are detected
during the surgical procedure.
The mental foramen is most usually single in hu ans; when it is double or ultiple,
the additional foramen is termed an accessory mental foramen. Accessory mental foramina
are reported to be rare, with a prevalence ranging from 1.4% to 10% [17–20]. oreover,
Iwanaga et al. [21] reported that accessory mental foramina smaller than 1.3 mm2 were not
clearly identified on surface-rendered CBCT images. In this respect, paresthesia may occur
even if the clinician does ot recognize the damage to the mental nerve [22,23].
Gutmann and Harrison [5] suggested protecting the mental nerve by positioning the
periosteal retractor betwe n the mental foramen and the intraos eous surgical site. More
recently, Kim and Kratchman [24] sug ested an ef ective tip, the “gro ve technique”, to
prevent mental nerve damage. Briefly, a 15-mm-long horiz ntal groove is prepared beyond
the root apex and the retractor is p sitioned within the groove (Figure 7a). This technique
permits the secure retraction of the flap protecting th nerve during the p ocedure. Recently,
th use of a piezoelectric saw instead of a bur has been shown to be useful to obtain a
groove s narrow as is practical for the placement of the r tractor (Figure 7b). By sing this
method, excessive bone removal can be avoided.
edicina 2021, 57, x FOR PEER REVIE  5 of 15 
 
 
belo  the andibular second pre olar root apex. o ever, its location varies and it ay 
be seen at the sa e level or superior to the root apices [11]. 
 
Figure 6. Clinical features of the ental fora en and nerve bundle ( hite triangle) that are detected 
during the surgical procedure. 
The ental fora en is ost usually single in hu ans; hen it is double or ultiple, 
the additional fora en is ter ed an accessory ental fora en. ccessory ental fora -
ina are reported to be rare, ith a prevalence ranging fro  1.4  to 10  [17–20]. oreover, 
I anaga et al. [21] reported that accessory ental fora ina s aller than 1.3 2 ere 
not clearly identified on surface-rendered B T i ages. In this respect, paresthesia ay 
occur even if the clinician does not recognize the da age to the ental nerve [22,23]. 
ut ann and arrison [5] suggested protecting the ental nerve by positioning the 
periosteal retractor bet een the ental fora en and the intraosseous surgical site. ore 
recently, i  and ratch an [24] suggested an effective tip, the “groove technique”, to 
prevent ental nerve da age. Briefly, a 15- -long horizontal groove is prepared be-
yond the root apex and the retractor is positioned ithin the groove (Figure 7a). This tech-
nique per its the secure retraction of the flap protecting the nerve during the procedure. 
Recently, the use of a piezoelectric sa  instead of a bur has been sho n to be useful to 
obtain a groove as narro  as is practical for the place ent of the retractor (Figure 7b). By 
using this ethod, exc ssive bone re oval can be avoided. 
 
Figure 7. The groove technique. (a)  narro  horizontal groove is positioned just above the ental 
fora en ( hite line). (b) Clinical feature of a practically narro  groove ade using the piezoelectric 
sa . ote that the nerve/vessel bundle co es fro  the fora en ( hite arro ). 
2.5. istolingual Root 
andibular first per anent olars usually have t o roots located esially and dis-
tally, but in sian populations, an additional distolingual root is considered a nor al 
orphological variant [25,26]. In t o studies conducted in orea, the prevalence of inde-
pendent distolingual roots as 24.5  and 22.8 , respectively [27,28]. These separate dis-
Figure 7. The groove technique. (a) A nar ow horizontal groove is positioned just above the mental
foramen (white line). (b) Clinical feature of a practically narrow groove made using the piezoelectric
saw. Note that the nerve/vessel bundle comes from the foramen (white arrow).
. . ist li l t
i l fi t m t l ll t t l t i ll i -
, t in Asian populati s, a a iti l ist li r t is co si r a normal
[ , ]. I t o studies conducted in Korea, the prevalence of in
d pendent distolingual roots was 24.5% and 22.8%, r spectively [27,28]. These separate
distolingual roots of mandibular first molars are considered too difficult for perform-
ing periapical surgery due to the considerable distance from the buccal cortical plate
(8.63 mm) [28].
Due to this difficulty, few case reports have described surgical endodontic manage-
ment of these roots. To our knowledge, only one report was found [29], and the authors
Medicina 2021, 57, 270 6 of 15
performed a reduced amount (2 mm) of root resection and root-end preparation and
suggested that distolingual roots can be successfully treated by modifying the standard
protocol. Nevertheless, periapical surgery for the distolingual root should be undertaken
with careful deliberation due to the technical difficulty.
2.6. Mandibular Second Molars
Due to their location, endodontic microsurgery for mandibular second molars is
seldom attempted even by endodontic specialists. Access to the root apex of the teeth is
usually obtained by intentional replantation since the roots often have a convergent form.
Nevertheless, a surgical approach for mandibular second molars is attempted in certain
situations, such as abutment of fixed prosthodontics (Figure 8). In endodontic surgery for
second molars, the position of the mandibular canal should be considered carefully. The
mandibular canal is located buccal to the apex of the second molar, but lingual to the apex
of the first molar in most cases [30]. Furthermore, it was reported that the second molars
had a close distance to the canal (mean, 3.7 mm).
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after osteotomy. (d) A five-year follow-up radiograph shows complete bony healing. Images were
modified from Song [31] after receiving permission from the journal.
3. Surgical Considerations
3.1. Flap Design
Flap design is of critical i portance in endodontic surgery. It affects access, visibility,
anato ical structures, repositioning, and suturing [5]. The triangular full-thickness flap
ith intrasulcular incision has been idely used in periapical surgery for the andibular
lar area. e er, t is i cisi res lts i recessi a s ri a e f t e a illa [32].
I this respect, currentl , the papilla base incision (PBI) is recommended to prevent loss
of i t t l ill eight (Figure 9). In the study by Velvart et al. [33], no recession
was found when the healing of the PBI was examined after one year. In another study
comparing PBI and intras lcular incision, the gingival margin remained i PBI
was performed [34]. For this reason, the popular semilunar and Luebke-Ochsenbein flap
designs are no longer recommended [24].
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Figure 10. Vertical incision for endodontic microsurgery of the mandibular first molar. Note that the
vertical incision was placed on the mesial line angle of the mandibular first premolar and parallel to
the root longitudinally. This helps to avoid mental nerve injury and the scar on the gingival tissue.
3.2. Osteotomy
Evidence has accumulated showing that the larger the defect, the smaller the chance
that complete healing will occur. Furthermore, Rubinstein and Kim [39] showed a direct
relationship between the size of osteotomy and the speed of healing: the smaller the
osteotomy, the faster the healing. Indeed, in microsurgery of the mandibular first molar,
osteotomy of 3 to 4 mm in diameter suffices, just enough to provide space for a 3-mm
ultrasonic tip (Figure 11).
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performed 11 cases of piezoelectric surgery on the mandibular molars with repositioning 
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3.3. Root-End Resection 
A consensus has been reached regarding the amount of root-end resection. It is rec-
ommended that 3 mm should be resected since most of the ramifications/lateral canals 
that may serve as a microbial harbor are thereby removed. Furthermore, the modern tech-
nique uses a shallow bevel angle of 0°–10° to expose fewer dentinal tubules with enhanced 
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Figure 12. The “bony window technique” with a piezoelectric saw. (a) Bone preparation for the cortical window. (b)
Uncovered area of the lesion and the apices of the roots. (c) Allogenic bone was grafted and cortical bone was repositioned.
Images were modified from Kim et al. [40] after receiving permission from the journal.
3.3. Root-End Resection
consensus has been reached regarding the amount of root-end resection. It is
recommend d that 3 m should be resected since most of the ra ifications lateral canals
t at may serve as a icrobial harbor ar thereby rem ved. Furtherm re, th modern
technique u es a shallow bev l angle of 0◦–10◦ to expose fewer dentinal tubules wit
enhanced magnification and illumination techniqu s [24] (Figure 13).
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dontal ligament space (Figure 14a). Sometimes, using a long shank bur is necessary for 
complete resection of the root end. In some cases, the remaining remnants in unfilled root 
canals can be identified by methylene blue staining under high magnification (Figure 14b). 
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3.4. Root-End Preparation 
Mandibular molars have an elaborate root canal anatomy, particularly in the apical 
portion. Mesial roots usually have two canals (buccal and lingual) and they are connected 
with the isthmus. In mandibular molars, an isthmus is frequently observed in sections 
between 3 and 4 mm from the apex (Figure 15). Karunakaran et al. [45] reported that the 
prevalence of isthmuses in the mesial roots of mandibular first molars was 97.2%, while 
the prevalence in distal roots was 39%. Furthermore, von Arx [46] analyzed the occurrence 
of a canal isthmus in mandibular molars during endodontic surgery. He reported that 
83% of mesial roots had two canals with an isthmus and that 36% of distal roots had two 
canals with an isthmus. Recently, Kang et al. [47] inspected 31 mesial roots of mandibular 
first molars and found that 100% of roots had an isthmus at 3 mm level from the apex. 
Predictably, the success rate for endodontic microsurgery on isthmus-absent teeth was 
higher than that for isthmus-present teeth [48], which might be due to the difference in 
the level of difficulty for identification and instrumentation. In this respect, it is strongly 
Figure 13. A contemporary technique for root resection. (a) Clinical features of mesial and distal roots
resected perpendicular to the long axis of each root. (b) A periapical X-ray image taken using the
parallel technique shows resection with a shallow bevel. Note that complete bony healing occurred
with continuous lamina dura.
Resection of the entire root end in mandibular molars is challenging. In addition to
the thick cortical bone, the cross-sectional morphology of the root apex of the mandibular
olar is broad buccolingually. Therefore, careful inspection of the root end is mandatory
to verify whether it is completely resected. For this purpose, methylene blue solution is
helpful for differentiating the root end from adjacent bone tissue by staining the periodontal
ligament space (Figure 14a). Sometimes, using a long shank bur is necessary for complete
resection of the root end. In s me cases, the remaining re na ts in unfilled root canals can
be identified by methylene blue stai ing under hi h magnification (Figure 14b).
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Figure 14. A resected root surface stained with methylene blue solution. (a) The periodontal ligament
was stained and clearly distinguished from the adjacent bone (white triangle). The isthmus between
the mesio-buccal and mesio-lingual canal was also stained (yellow triangle). (b) The stained remnant
was identified in the unfilled distal root canal (red triangle).
3.4. Root-End Preparation
Mandibular molars have an elaborate root canal anatomy, particularly in the apical
portion. Mesial ro ts usually have two canals (buc al and lingual) and they are con ected
with the isthmus. In mandibular molars, an isthmus is frequently observed in sections
betwe n 3 and 4 mm from the apex (Figure 15). Karunakaran et al. [45] reported that the
prevalence of isthmuses in the mesial ro ts of mandibular first molars was 97.2%, while
the prevalence in distal ro ts was 39%. Furthermore, von Arx [46] analyzed the oc ur ence
of a canal isthmus in mandibular molars during endodontic surgery. He reported that
83% of mesial ro ts had two canals with an isthmus and that 36% of distal ro ts had two
canals with an isthmus. Recently, Kang et al. [47] inspected 31 mesial ro ts of mandibular
first molars and found that 100% of roots had an isth us at 3 level fro the apex.
Predictably, the suc es rate for endodontic microsurgery on isthmus-absent te th was
higher than that for isthmus-present te th [48], which might be due to the difference in
the level of difficulty for identification and instrumentation. In this respect, it is strongly
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recommended to identify and prepare the isthmus as well as root canals. On the contrary,
if an isthmus is not present, a simple oval-shaped root-end cavity suffices for obturation
(Figure 16). Similar to periodontal ligament identification, methylene blue is the most
effective way to stain an isthmus during the surgical procedure (Figure 14a). Furthermore,
it is essential that the isthmus should be prepared to a depth of 3 mm like the root canals.
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steel was used in the early days, but diamond-coated instruments (e.g., KiS tips; Young 
Specialties, Algonquin, IL, USA) are now highly recommended since the coated tips cut 
the dentin and filling material much faster than stainless steel [49,50] (Figure 17a). Nota-
bly, these instruments are advantageous for multi-rooted mandibular molars, especially 
when an isthmus exists. Most recently, ultrasonic tips with numerous metal micro-projec-
tions on the cutting surface instead of diamond coating are also available (JETip; B&L 
Biotech, Fairfax, VA, USA) (Figure 17b). 
The most important aspect of mandibular molar surgery is the angle of the instru-
ment. Double-angled instruments are strongly recommended for mandibular molars 
Figure 15. Histologically sectioned mesial root of the mandibular first molar at 3 mm level from the
apex after canal shaping. The white triangle indicates an unprepared middle mesial root. The yellow
triangle indicates the isthmus connecting the canals.
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bly, these instruments are advantageous for multi-rooted mandibular molars, especially 
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The most important aspect of mandibular molar surgery is the angle of the instru-
ment. Double-angled instruments are strongly recommended for mandibular molars 
Figure 16. Endodontic microsurgery on an isthmus-absent mandibular molar. (a) A preoperative periapical radiograph
shows periapical radiolucency and unsatisfactory canal filling on the mesial root due to an unnegotiable ledge. (b) The
resected root surface shows mesio-buccal (white triangle) and mesio-lingual (yellow triangle) canals, which are closely
located without an isthmus at 3 mm from the apex. (c) The simple, oval-shaped root-end cavity. (d) The root-end filling
with mineral trioxide aggregate (MTA). (e) A postoperative periapical radiograph. (f) A 15-month follow-up radiograph
shows that complete healing occurred.
Ultrasonic instruments are used for root-end cavity preparation. Smooth stainless
steel was used in the early days, but diamond-coated instruments (e.g., KiS tips; Young
Specialties, Algonquin, IL, USA) are now highly recommended since the coated tips cut
the dentin and filling material much faster than stainless steel [49,50] (Figure 17a). Notably,
these instruments are advantageous for multi-rooted mandibular molars, especially when
an isthmus exists. Most recently, ultrasonic tips with numerous metal micro-projections
on the cutting surface instead of diamond coating are also available (JETip; B&L Biotech,
Fairfax, VA, USA) (Figure 17b).
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Figure 17. (a) Diamond-coated ultrasonic tips with various angles (Microsurgical KiS tips). 3D
and 5D for buccal canals. 4D and 6D for lingual canals. (Image courtesy of Young Specialties,
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(b) Retrograde cavity preparation for mesial ro t-end of a mandibular first molar with JETip.
The most important aspect of mandibular molar surgery is the angle of the instrument.
Double-angled instruments are strongly recommended for mandibular molars since the
accessibility is much better compared to single-angled general tips. Manufacturers provide
various double-angled tips suitable for buccal and lingual canals (e.g., KiS 3D and 5D for
buccal canals, KiS 4D and 6D for lingual canals).
3.5. Root-End Filling
An ultrasonically prepared root-end cavity must be filled with a material that guar-
antees a bacteria-tight seal. Various materials have been suggested for this purpose.
Amalgam has been used as a retrograde filling material for many years, but the efficacy of
amalgam has been questioned due to unfavorable physical properties and environmen-
tal damage [51]. More recently, zinc oxide eugenol (ZOE) containing materials such as
intermediate restorative material (IRM) and super ethoxy-benzoid acid (Super-EBA) has
been widely used due to its superior sealability compared to amalgam [52]. However,
shortcomings of the ZOE-containing materials are their toxicity and susceptibility to mois-
ture. Finally, calcium silicate cement, widely known as mineral trioxide aggregate (MTA),
has gained considerable attention for the past quarter of a century due to its favorable
sealing ability and biocompatibility [53]. Notably, this hydrophilic material sets in an
aqueous environment [54]. However, the main disadvantage of MTA is its poor handling
properties [55]. This is an obstacle regarding the application of MTA, particularly in the
mandibular molar area, which has limited access and visibility. In this respect, efforts have
been made to overcome this proble by enhancing the application method or handling
ability of the materials.
Several instruments have been developed to facilitate the application of MTA. The
first one that became av il ble was the Dovgan Carrier, which was designed specifically for
the deliv ry of MTA by Joseph Dovgan. It features a NiTi plunger as well as a removable
luer-lock lumen that can b removed for cleani g or replacement if it is damaged or
clogged. It offers the c oi e of three different tip diame ers. Similar instruments wer the
launched by several manufacturers s ch s th Micro Apical Placement (MAP) system
(Dentsply-Maillefer, Ballaigues, Switzerland) (Figure 18). Notably, the “needles” with triple
angles of the MAP instrument are designed to place MTA in the root-end cavity in the most
difficult anatomical regions such as the mandibular molars [56]. However, if mixed MTA is
left within the carrier after the appointment, the tip may become clogged and seemingly
unusable. Therefore, careful management of the instruments is required.
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using the manual carrier. A blue arrow indicates the direction of the force of the plug er.
Several at empts have also be n made to enhance the handling ability by modifying
the material properties. Biodentine (Septodont, St. Maurdes Fos és, France) is a moldable
MTA-based material that contains a hydro-soluble polymer in liquid, which reduces the
viscosity of the cement and thereby improves handling [57]. Therefore, Biodentine can be
applied easily with conventional instruments such as stoppers, without the aforementioned
specially designed instruments. Furthermore, injectable bio-ceramic root-end filling materi-
als have also been developed (Figure 20). They are premixed with polymeric vehicles and
preserved i water-tight syringes so that the materials can be placed directly by injection.
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Figure 20. Commercially available premixed calcium silicate root-end filling materials. (a) Endo-
sequence Root Repair Material (RRM). (Image courtesy of Brasseler, https://brasseleru-
sadental.com/products/bc-rrm-fast-set-putty/, accessed on 28 January 2021) (b) Endocem MTA Pre-
mix (Image courtesy of Maruchi). 
4. Conclusions 
Endodontic microsurgery for the mandibular molar area is challenging for clinicians 
due to the difficulty in access and the critical anatomical structures. Owing to the devel-
opment of cutting-edge technology including equipment and materials, the success rate 
has been increasing. Therefore, clinicians should be familiar with up-to-date information 
on the current concepts to achieve successful outcomes, and this review can be a useful 
guideline for the preservation of mandibular molars through microsurgery. 
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4. Conclusions
Endodontic microsurgery for the mandibular molar area is challenging for clinicians
due to the difficulty in access and the critical anatomical structures. Owing to the devel-
opment of cutting-edge technology including equipment and materials, the success rate
has been increasing. Therefore, clinicians should be familiar with up-to-date information
on the current concepts to achieve successful outcomes, and this review can be a useful
guideline for the preservation of mandibular molars through microsurgery.
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